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Using methods similar to those developed by the state of Washington, a composite 100-Year

CMZ was mapped in a GIS and consists of the following zones: _historic migration, avulsion
hazard, and an erosion hazard area (projected future lateral erosion and mass wasting over
100-year period)--all adjusted for the disconnected migration ar manmade structures.
(e iprap, levees, barbs, roads) physically moderate or eliminate channel migration. The.

STUDY AREAS

Agreement between the CMZ and hydraulic floodplain is due to the
in different geomorphic channel types. Plane bed and pool rifle channels are single thread and
laterally confined by large Holocene/Pleistocene terraces; anabranching channels have one or
main channels and a complex of side-channels that dissect the entire valley floor and
widely distribute floodwater. The CMZ occupies about 54% of the geologic floodplain, and 92%
cdplai; pprodmataly 475 o e CHE consae of disconnedisd
K protection and ot in development
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‘OBJECTIVES, STUDY AREAS and METHODS

The objectives of this project were to

that span a range of very stable to highly unstable channel types.
in the Paradise valley south of Livingston, Montana. The Yellowstone River, in the Mil Creek
area, has a very stable bed and banks and represens a typical confined, plane-bed, channel
type (Plate 1). The Pine Creek to Carlers Bridge segment (Plates 2 and 3) contains
moderately stable, pool-riffle, and unstable, anabranching (e.g. mul-thread) and anabranching-
braided channels; many reaches in this segment have been forced, through use of bank
tabllzation measures, fom mtkhread to Sngehread (60, pool 1le) channes (Daioy and
Robinson, 2003).

METHODS

Piégay and others (2005) reviewed geomorphic methods for delineation of erodible river
e G Al i oo il encio]

Delineation of CMZ Components

Historical Migration Zone (HMZ)
‘The HMZ was defined by mapping the bankfull Channs\ Imog ol it eogans 949, BT
1976, and 1999 in a Geographic Information_System (GIS). The bankiull channel was defined
using several criteria (Dalby and Robinson, 2003) and = mappecd 14 fiek on 1990 ol
and through stereoscopic viewing of historic photas. Areas of erosion and deposition and total
iange, which occurred S Comparson yoars (1545.1075. 19731376 and 1976-1969)
were determined by performing a spatial union in the GIS. This created “change” polygons that
were then classified into areas of erosion, deposition, no change, or as a spurious record
(Gaeuman and others 2003). Propagated horizontal errors (ie. Dry in and others,
2005) across comparison years ranged from about 10 to 40 feet. The cumulative HMZ mapped
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They define the CMZ as:

the 1948 10 1999 period.

Avuision Hazard Zone (AHZ)
The AHZ includes side-channels, relic channels, and swales that are at risk of main channel
occupation oulside the HMZ , and was mapped using several criteria: 1) proximity of main
channel o side channels thal provide an avuision pathway, 2) elevation difference between
‘main channel and flood plain containing side-channels, as determined from a high resolution

Erosion Hazard Area (EHA
Ihe EFA consist of an Efosion Seback (E8).based on ot of e estimated eoralbank
erosion over the desig ife of the CMZ (in this case, 100-years)
basea on the esimated oxtent of utre: e RS e boriatmttm i R
process: 1) calculate the mean historic 50-year (1948 to 1999) lateral erosion rate for eroding
Banks ( 0.9 cumuatie eroson polygon arearbank lengh), and 2) douding e mean valoe 0
obtain an estimate for the design peri by assuming a stable
ngle of repose for glacio-fuvial materials comprising banks of 35 degrees and applying the
following relationship:

[tan (90-5,)JH= GS, where S,= estimaled stable angle of repose of bank material, and
Her eight.

For modest bank heights (<20 feet) in gravel materias lacking significant fines, the above
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(RESULTS continued)
RESULTS

Historic Channel Changes and Channel Migration Zones
_MillCreek Study Area

“The Mil Creek Study Area represents an unusual segment of the pper Yellowstone River. The
channel has a sinuous planform, but physical characteristcs of a plane-bed channel (Plate 1,
and inset photo). Located near a slight bulge in the long proffe of the rver,this segment is
laterally_confined by coarse glacial outwash a . Channel siope s unifomn and
hykaulic contrast between pols and e s vary small, The ars 4k sice canfils gretie-

rs and islands. These geomorphic 5 aro o 1 1 coarse, conle boulder (Deo
o) matanel o oGt he 5o 50 bk of 1 chapnetand roptve lac of e
sediment sources. Stereo- photo interpretation and the channel change analysis presented

re, indicates that almost no lateral change has occurred over the. past 50 years—
consequently the GMZ is very narrow to non-existent (Plate1. ).

Plate 1. 100-Year
Channel Migration Zone:
Mill Creek Area

Cres B
The Pine Cresk to Carters Bridge segment was largely Unaffected by channel revetments in
1948 (Pate 2). but has been progressively constraned by dikes, levoes and bank revetment
over the past 50-years (Plates 3 and 4). In response to latera erosion and flood
near 100.year floods in 1674, 1996 and 1997, extensive s of he upper Y
River have been modified using dikes, levees, riprap, and jetties (Dalby and Robinson, 2003).
Linear channel and flood plain modications (e.g. dkes, levees, road prisms) have increasel
720% (from 4,220 to 30,568 foel) between 1954 and 1999, whils iprap increased 550% (from
3,688 to 20,141 feet) and point structures (i.e. jetties and bavbsl \m:ressed 1300% (from 9 to.
3). Confinement of river channals by roads, bridges, lovees, iprap often leads to
reduced latral migralon rates, Ikon of chanels, coarsenna of the bed. and 1055 of
iegay 20

In 1948 the dominant channel type was primarily pooliffie and anabranching, but these have
been laterally consirained and forced into pool-rifle and plane-bed ‘Although the:
‘amount of channel modification (especially bank revetment) has significantly increased over the
50-year analysis period, channel changes in both the 1974 and 1996-97 f e relatively
farge. In the least constrained segments, the amount of change caused by the 1996-97 floods

as much greater than that due to the 1974 flood. However, in the most constrained segments
the amount of lateral change was nearly equivalent for both events. Aftempls to laterally
constrain the channel have ot always been successful, and two significant avulsions occurres
in this segment during the 1996-7 floods.

1948 Channel: Pine Creek to Carter's Bridge
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Plate 2. 1948 Yellowstone Rlver from Pine (}eekm Carter's Bridge.

Plate 3. 1999 Yellowstone River from
Pine Creek to Carter's Bridge

1999 Channel: Pine Creek to Carter's Bridge
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Comparison of CMZ and HEC-RAS Floodplain

“The 100-year and 500-year flood plain (Figure 1.) was delineated by the U.S. Geological Survey.
using HEC-RAS (Parrelt and others 2003); map boundaries of the 100

Comparison of CMZ with Extent of Holocene/Pleistocene Alluvium and

Disconnected Migration Areas
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Figure 1. Comparison of CMZ and HEC-RAS Flood Pl:

CMZ and HEC-RAS flood plain

Plate 4. 100-Year Channel Migratiq
Zone: Pine Creek to
Carter's Bridge

1999 Channel: Pine Creck to Carter's Bridge

Upper Yellowstone Flood History and Channel Response

Large floods (~100 yr or greater R.. events) have occurred in 1894, 1918, 1974, 1996, and
1997 the upper Yellowstone basin (Figure 2). The geomorphic effectiveness of arge floods s
influenced by effects of complex valley morphology and boundary conditions_on

confinement and_energy expenditure in the channel network. Baker and Costa (1987)
incorporated magnitude-frequency concepis, thresholds, and geomorphic effectiveness into the.
concept of citcal flood por ncluded that flvial systems can be destabilized when
input forces exceed resistance forces. determined by flood
magnitudo and duration, channel and valley morphology, and siream gradient (Baker and Costa.

etation cover (Baks
being equal, large floods may be more likely
valleys, than in broad, low-gradient valleys (Miler 1995).

ing channel changes in narrow steep

The upper Yellowstone River deviates from the above general model of channel response to

largo floods, in several ways. Channel changes in the 1974 and 1996-1967 floods occurred

p nd lateral

erosion in anabranching channel segments. It appears that a channel response model for these
fuck Iy rapid

50 0 100 year floods) which establish the dominant lateral channel configuraion. Between
these events, more frequent flows with retum periods close 1o the conventional “bankulf™
discharge (e.g. 2 to 5 year floods), shape and maintain the average characteristics of the
ndividual anabranches.
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Figurez. Historic Annual Peak Flows: Yellowstone River near Livingston, MT e “”v“‘\lf;““u"v'uyiﬁl‘r“%’“k\i?w\]'ﬁi‘n” e o Rive aeb Living oM omune
o S eclogleat Sumvay ‘Sanon oa i Sovey Siatton 00133500)

E & & R ——

3 1976 to 1999
£ 000 ° t =
(<] 4
5 a0000- I | - S
& E I | R .5
£ -8
2 [

1

o .
I e

Masing rsced esimste by cae i W Carin Serhos satlan i Nl 201

Water Ve

R ————
# o oze,

Aoy o i s e ove wr s o5, Q=05 ik

(- iy s (0 ) -ty g, - B i) A=

A potential imitation of historcal studies of channel change, as a basis for CMZ defineation, is
the representativeness of the historic record, and the degree fo which the channel has been
subjected to significant erosive flows. shows estimates of the cumulative annual sum
of geomorphically effective unit stream power for the Yellowstone River near Livingston (ust

treamrom Care's Bdgel. For th folowingtme nervas the cumuate tial sirea
e was as flows 1848 1 1973 = 1300 wats's 1973 (0 1976 ~-360 watti, and 1976

999 = . Together the 1996 and 1957 floods expended about 700 watts/m” or
Touchly hll of the perid fo an 245 of i 1043 10 1969 e Basod on he ood sty
and energy expenditure i the channel network, the historic record of channel changes
occurring from 1948 to 1999 is adequate as a basis for CMZ delineation.

Comparison of Lateral Channel Changes 1948 to 1999

The amunt (ares) o lsaral channel change (eroson. phs. degoslion) was complled by
subdivided study segments (cals) for each of the study areas and measurement time periods
(19481975, 18791676, and 1976-199). Weasured changes were didod by fver engih of
coll 1o expross them on a unit basis (Figure 4.). The Mill Creek study area experienced
almost o lateral channel change from 1948 to 1999. Three factors affect the amount of channel
in the Pine Creek 1o Carters Bridge segment: 1) the amount of geomorphically
significant uni stream power expended during the comparison period (Figure 4., 2) the level of
channel confinement due o bank stabilzation measures, and 3) the effeciiveness of the
channel constraints. Similar amounts of unit siream power were expended over the 1948 1o
1973 and 1976 to 1999 periods (~1300 watts/m?; unit stream power expended during the 1973
101976 period , which contains a single 100-year flood, was much less (~360 watts/m) and this.
riod shows the least amount of channel change. The 1948 to 1973 period shows an
termediato eve of chang, and the 1575 (0 1359 dislays e gretestchannslchange, The
amount of channel revetments has increased progressively since 148, and much was installed
Slbsequentlo he 1956 and 1957 loods, a6 a eaull, hannel changes assess or he 1976 (o
{99 perid do ot et th afcts of s channel contraint on tralmiratn, I acion
1o 1996 and 1987 flods oceued “back to ack', and hi event sequencing has boen shown
10 ncroase e geomorphic sficivensss ofTaods. e ihe 1956 flood (her was It tme for
the channe 1o recover (e.g. revegetation, sediment consolidation), and the 1987 flood caused
more erosion that would have f it had occurred after some period of channel recovery.

Comparison Pefiods:

avulsions,

Actusl Change / Cell Length (SqF/F)

Period % 4401973
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